The aim of this work was to evaluate the fermentability of mussel workprocessing wastes by lactic acid bacteria in order to remove and to upgrade a material that generate important focuses of pollution in coastal areas. With this perspective, three lactobacilli (Lactobacillus casei, Lactobacillus plantarum and Lactobacillus buchneri) were employed, and the production of metabolites, as well as the nutrient uptake, was evaluated. The effects of inoculum concentration and previous sterilization process were also studied. The kinetic tests were performed in semi-solid cultures and the results indicated the high feasibility of these materials as substrate for bio-silage production. 
INTRODUCTION
Mussel culture production is an economical activity of great importance in Galicia (NW, Spain), since in this region there is currently 3360 tray-mussel farms distributed in 50 cultivation areas along the coast. In 2006, 247000 tons of mussels were obtained what it represents 99% of Spanish production and 45% of EU. This extensive production generates a large volume of wastes associated with the different steps from mussel work-processing, collection, transformation and canning. Thus, around 80000 tons per year of shells are wasted from these farms and foodstuff companies. This by-product presents a high fraction of calcium carbonate that is management by means of thermal process with the obtaining of a calcareous material of high purity (Barros et al., 2009a) . However, another type of residuals appear in the mussel-production chain. These are mainly originated in the primary works of harvest and processing on the tray-farms what from now we will call mussel workprocessing (MWP). Due to their high composition in organic material (rests of mussels, epifauna, zooplankton, phytoplankton), heterogeneity of size and high volume (35000 tons per year) they provoke serious reductions in the efficiency and in the yield of the thermal process for the treatment of the inorganic material of shell wastes (Barros et al., 2009a) . Therefore, it is necessary to develop a complementary and environmental friendly process to allow a global use of the different fractions derived from mussel production (Barros et al., 2009a; Barros et al., 2009b ).
In the last years the most relevant alternative for the use of these materials has been associated with their application as amending and nutrient supplement of degraded grounds (mines, forest burnt). Nevertheless, the results have not been positive and satisfactory due to the high cost of transport for these materials. Thus, these wastes are currently being deposited in non-controlled landfill or, more frequently, dumped directly to the sea. Another possible and more realistic alternative could be obtained by means of biological silage using lactic acid bacteria (Pagarkar et al., 2006) . This is an easy and low cost process that generates an acid fermentative product with good nutritious qualities, antimicrobial features against pathogen bacteria and high stability for a long time that can be used as protein supplement for animal feeding (Goddard and Perret, 2005) . Different lactic acid bacteria (LAB) have been used for obtaining bio-silage of marine by-products: Lactobacillus plantarum (Fagbenro and Jauncey, 1995; Lassen, 1995; Pagarkar et al., 2006) , Lactobacillus brevis (Uchida et al., 2004) , yoghurt-bacteria as Lactobacillus bulgaricus and Streptococcus thermophilus (Yoon et al., 1997) , Lactobacillus delbruecki spp.
bulgaricus and Streptococcus salivarius spp. thermophilus (Martínez-Valdivieso et al., 1996) as well as Lactobacillus buchneri and Lactobacillus casei (Vázquez et al., 2008a) . In all cases, an additional source of carbohydrates was necessarily added in the form of molasses (Fagbenro and Jauncey, 1995; Hammoumi et al., 1998) or dextrose (Vázquez et al., 2008a) . Though the fermentative capacity of many organic nitrogen source from marine waste materials has been tested with excellent results (Dufossé et al., 2001; Ellouz et al., 2001; Vázquez et al., 2004a; Vázquez et al., 2004b; Martone et al., 2005; Aspmo et al., 2005a; Aspmo et al., 2005b; Vázquez et al., 2006; Gao et al., 2006; Vázquez et al., 2008b) as well as wastewaters from thermal process of mussel (González et al., 1992; Pastrana et al., 1993; Murado et al., 1993; Guerra and Castro, 2002; Vázquez et al., 2003; Vázquez et al., 2004c; Guerra et al., 2005) , the present work is the first one that studies the useful of byproducts from MWP as substrate for bio-silage formulations.
Based on these considerations, in this manuscript a preliminary study of fermentability of MWP wastes by lactic acid bacteria is reported. A quick and easy fermentative process similar to the bio-silage is established in order to propose an environmental friendly solution for this contaminant material.
MATERIALS AND METHODS

1: Preparation and composition of material from mussel wastes
A representative sample of MWP wastes (10 kg) was collected from mussel-tray farm placed in Boiro (Ría de Arousa, Galicia, Spain). Its composition was principally shells (45%), remnants of meat (20%), epifauna (15 %), algae (15%) and mud (5%). This sample was subsequently homogenized by milling until obtaining a material with particle size of < 3 mm and maintained (15 d at most) at -20 ºC until use. Its chemical characterization was: moisture (61.6%), ash (28.8%) and organic matter (9.6%). The composition of this organic matter was 45 % of soluble protein-Lowry and 42 % of total sugars (basically glycogen and glucose).
2: Microbiological methods
The micro-organisms used were Lactobacillus casei ssp. casei CECT 4043 (abbreviated key Lb 3.04), Lactobacillus plantarum CECT 220 (Lb 8.01) and Lactobacillus buchneri CECT 4111 (Lb 10.01). Stock cultures were stored at -75 ºC in MRS medium (Hispanlab) with 25% glycerol (Cabo et al., 2001) . and 1 mL of the corresponding inoculum. The experimental conditions were temperature at 30 ºC and orbital shaking at 200 rpm. In all cases, initial pH was adjusted to 7.0 with 5 N NaOH and media were sterilised at 101 ºC for 60 min.
3: Analytical methods
At pre-established times, each experimental unit was divided into two aliquots.
The first aliquot of 1 g was used for the quantification of viable cells by means of a plate count technique on MRS agar media. Serial tenfold dilutions were prepared in peptone-buffered solutions, and 0.1 mL samples were plated in quadruplicate, incubated at 30 ºC for 48-72 h, and manually counted. Results were expressed as colony-forming units per g (cfu g -1 ). The second aliquot (the rest of the culture) was centrifuged at 6,000 g for 12 min, and the sediment resuspended with 15 mL of distilled water for a second centrifugation at the same previous conditions. Both supernatants obtained from these two centrifugations were mixture for analytical determinations. These determinations were corrected taking into account the dilution generate by the sediment resuspension. The second sediment was also used to determine protein concentration.
Additional analyses (in duplicate) were: Proteins: method of Lowry et al. (1951) .
For sediments, this method was applied to the samples with a previous alkaline treatment using NaOH (1M) for 24 h at 30ºC as well as the standard of bovine serum albumin. Total sugars: measured by means of the phenol-sulphuric reaction (Dubois et al., 1956) according to the application of Strickland and Parsons (1968) with glucose as a standard. Reducing sugars: 3,5-dinitrosalicylic reaction (Bernfeld, 1951) where, t is the time-course (h), pH f is the final value of pH, a is the pH drop, pH 0 is the initial value of pH, c is the specific maximum rate of pH drop (h -1 ).
The mathematical model used to describe kinetically the sigmoid production of lactic acid was as follows (Vázquez et al., 2008c) : An additional calculation of the yields in the formation of lactic acid (L) referred to both the consumption of reducing sugars and of total proteins (in the supernatant + in the sediment) was obtained in the following terms: 
RESULTS AND DISCUSSION
1: Fermentability of MWP by lactobacilli
Initially, the selection of LAB used in the present work (Lb 3.04, Lb 8.01 and Lb 10.01) was done in relation to the fermentative features that these bacteria showed in the valorisation of fish viscera (Vázquez et al., 2008a) . Using wastes from ray, swordfish and shark as protein source for the formulation of complex microbiological media, high lactic acid (more than 80% of yield as function of glucose uptake) and biomass productions were obtained. On the contrary, the dynamics of LAB biomass did not show the common sigmoid profiles that are habitually generated by the growth of Lactobacillus in batch cultivation (Horn et al., 2005; Kedia et al., 2008; Charalampopoulos et al., 2009 ). The bacteria counts increased at the first 8 hours of culture (1 logarithmic unit, log-unit) and subsequently fall until the value of the inocula. For Lb 10.01 this drop was superior to 1.5 log-units from the maximum growth.
Regarding the consumption of organic nitrogen source more than 10 g L In the early sections, the tests were carried out using MWP thermally sterilized with the purpose of evaluating their capacity to be fermented by LAB. However this possibility to industrial scale is less realistic than employing raw material with an added LAB-inoculum to lead the lactic acid fermentation since the cost of sterilization process could make the bio-silage too expensive. Therefore, effect of non previous sterilization was assayed.
In Further experiments should be done in order to study the possibility of incorporation of the fermented material in the formulation of fodder for poultry feeding.
CONCLUSIONS
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